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© Monoclonal antibodies for measuring okadalc acid. 

@ The present Invention relates to an antMdiotypIc monoclonal antibody raised against a mouse 
monoclonal antibody or fragments thereof specific to at least one diarrhetic shellfish poisoning toxin 
selected from the group consisting of okadaic add and derivatives thereof. The anti-idiotypic antibody 
is characterized by reacting only with antibodies to okadaic acid and derivatives thereof but not with 
antibodies directed against any other compounds. The anti-idiotypic antibody is further characterized 
by being an internal image of okadaic acid and derivatives thereof. A hybridoma producing an 
enti-idiotypic antibody in accordance with the present invention has been deposited at the ATCC under 
accession number HB 10768. Competitive solid-phase assays for determining the amount of okadaic 
acid and derivatives thereof In marine samples are also provided In accordance with the present 
invention. The present invention also relates to a kit for determining the amount of okadaic acid and 
derivatives thereof in marine samples. 
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BACKGROUND OF THE INVENTION 

Okadaic acid is known to be a toxic C M polyetherfatty acid first isolated from marine sponges Hoiichandria 
ofcada//. Caused by enormous blooms of toxic phytoplankton known as "Red Tides", this toxin is produced and 

5 secreted by several types of marine dinoflagellates (plankton) of the genus Dlnophysls. Okadaic acid accu- 
mulates in marine sponges, mussels, and scallops by filter feeding and has been implicated as the major com- 
ponent responsible for the phenomenon known as diarrhettc shellfish poisoning (DSP). DSP does not appear 
to be fatal, but Its high morbidity rate and worldwide occurrence have made It a serious threat to the shellfish 
industry and to public health in general. 

10 The first occurrence of dlarrhetic shellfish poisoning was reported In the Tohoku District, Honshu Island, 
Japan, during the summer of 1976 and 1977. In the past decade, okadaic acid has been responsible for tens 
of thousands of human intoxications throughout Europe, South America, Hawaii. Chile, Indonesia, Japan, the 
United States and Canada. Between 1 978 an d 1 985, the number of cases In Japan has exceeded 1 300 despite 
the existence of extensive surveillance. In Spain alone as many as 5000 cases have been reported in 1981. 

is The dinoflagellate Dlnophysls acuminata Is probably responsible for okadaic acid production in mostparts 
of Europe, while chemical analysis of the toxin isolated from Dinophysis fbttii revealed the major component 
to be 35-methyl-okadaIc acid. Accordingly, the compound was named dinophysis-toxin-1 (DTX-1). 

In Norway, okadaic acid is found in mussels from the southern regions, while dinophysis-toxin-1 is found 
in mussels from the southwestern regions of the country. In both cases, Dlnophysls acuta and Dlnophysls 

20 norwegtc* are suspected of being responsible for the toxin infestation of the mussels. 

The lethal potency of okadaic acid Is 1 92 ug/kg when injected intraperltoneally in mice. 
Recently, it has also became apparent that okadaic acid has potent tumor-promoting activity. It has been 
established that okadaic acid is capable of entering cells causing marked increases in the phosphorylation state 
of many proteins involved in the regulation of carbohydrate and lipid metabolism. Because protein phospha- 

25 lases PP1 and PP2A are most probably the chief enzymes that reverse the actions of protein kinase C, it is 
not surprising that a potent phosphatase inhibitor (okadaic acid) should be as potent a tumor promoter as sub- 
. stances (phorbol esters) that activate protein kinase C. Tumor promotion presumably stems from increased 
phosphorylation of one or more proteins that axe substrates for protein kinase C and dephosphoryiated by 
PP1/PP2A. 

so No diarrhetic shellfish poisoning (DSP) standards to date are available in North America and no established 

assay exists for their detection. At present a number of countries, including Canada, Norway, Sweden, France 
and Japan are using suckling mica bioassaye. However, this assay carries a considerable margin of error, is 
extremely tedious to perform and involves use of animals. 

A group working on liquid chromatography assays was able to measure fluorescence Intensity of the toxins 

35 after their reactions with 9-anthryldiazomethane (AGRIC. BIOL CHEM,, Lee S.S. et al„ 1987, 51(3), pp.877- 
881). This method is sensitive but requires sophisticated, expensive equipment and highly skilled and trained 
personnel. It could never be adapted to field testing. 

UBE Industries of Japan have recently Introduced a new assay for measurement of okadaic acid (OA) In 
seafood samples. The assay, ELISA, is based on a competition between sol id- phase bound okadaic add and 

40 free okadaic add for binding to anti-OA murine monoclonal antibody labelled with enzyme peroxidase (Euro- 
pean Patent Application published on April 12, 1989 under No. EP-A-31 1,456). 

The assay is very expensive due to the use of okadaic add as a capture antigen. Okadaic acid is extracted 
from sponges, collection and processing of which is very expensive. The kit In the present form is not marketable 
for general,, profilatic testing of seafood and plankton by fish industries due to Its high cost and complicated 

45 sample preparation. 

It would be highly desirable to have an assay for the measurement of okadaic acid which would be accurate, 
sensitive, easy to use and inexpensive. 

SUMMARY OF THE INVENTION 

50 

Surprisingly and in accordance with the present invention, there is provided an anti-idiotypic monoclonal 
antibody raised ag ainst a mouse monoclonal antibody specific to at least one diarrhetic shellfish poison ing toxin 
selected from the group consisting of okadaic acid end derivatives thereof, wherein the anti-idiotypic antibody 
is not immunoreactive with any non-anti-diarrhetic shellfish poisoning toxin antibody or fragments thereof, and 
55 wherein the anti-idiotypic antibody is an internal image of okadaic acid and derivatives thereof. 

The anti-idiotypic antibody of the present invention can structurally and functionally mimic okadaic acid and 
derivatives thereof, whereby the anti-idiotypic antibody can act as a surrogate of okadaic acid and derivatives 
thereof. 
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There is also provided in accordance with the present invention, a competitive method for determining the 
amount of okadaic acid and derivatives thereof in a marine sample, which includes Incubating at least a first 
mouse monoclonal antibody or fragments thereof specific to at least one diarrhetic shellfish poisoning toxin se- 
lected from the group consisting of okadaic acid and derivatives thereof, in parallel with an anti-idiotypic anth 

5 body raised against the first antibody, and an unknown amount of okadaic acid and derivatives thereof present 
in a marine sample, wherein at least one of said antibodies Is solid-phase bound and wherein at least one of 
the antibodies Is either enzyme labelled or Indirectly detected, whereby the amount of okadaic acid and deriv- 
atives thereof In the sample Is determined by comparing the extent to which tt displaces the antl-ldlotypic an- 
tibody from binding to the anti-diarrhetic shellfish poisoning toxin antibody with a calibration curve obtained with 

io a known amount of okadaic add or derivatives thereof. 

There are also provided, in accordance with the present invention, several kits for determining the amount 
of okadaic add and derivatives thereof in a marine sample which are adapted to be used according to the meth- 
od of the present invention. A first kit of the present invention includes the following: 

I) a solid surface having bound thereto a first mouse monoclonal antibody or fragments thereof specific to 
is at least one diarrhetic shellfish poisoning toxin selected from the group consisting of okadaic add and der- 
ivatives thereof; 

II) a known amount of antMdiotypic antibody raised against the first antibody or fragments thereof, enzyme 
labelled or indirectly detected; and 

III) a known amount of okadaic acid or derivatives thereof, whereby a standard curve is obtained. 
20 A second kit of the present invention Includes the following: 

I) a solid surface having bound thereto an internal image anti-idiotypic antibody raised against an anti- 
okadaic acid antibody or fragments thereof; 

II) a mouse monoclonal antibody or fragments thereof specific to at least one diarrhetic shellfish poisoning 
toxin selected from the group consisting of okadaic acid and derivatives thereof, which is enzyme labelled 

25 or indirectly detected; and 

III) a known amount of unlabelled anti-idiotypic antibody or fragments thereof, whereby a standard curve 
is obtained. 

A third kit of the present invention includes the following: 

I) a solid surface having bound thereto a mouse monoclonal antibody or fragments thereof specific to at 
so least one diarrhetic shellfish poisoning toxin selected from the group consisting of okadaic acid and deriv- 
atives thereof; 

II) a known amount of Internal image anti-idiotypic antibody or fragments thereof raised against an anti- 
okadaic acid antibody enzyme labelled or indirectly detected; and 

III) a known amount of unlabelled anti-ldiotyplc antibody or fragments thereof, whereby a standard curve 
35 Is obtained. 

A fourth kit of the present invention indudes the fdlowing: 

I) a solid surface having bound thereto an Internal Image anti-ldiotyplc antibody raised against an'antl- 
okadalc acid antibody or fragments thereto; 

II) a first mouse monoclonal antibody or fragments thereof specific to at least one diarrhetic shellfish poi- 
40 soning toxin selected From the group consisting of okadaic acid and derivatives thereof, which is enzyme 

labelled or indirectly detected; and 

III) a known amount of okadaic add or derivatives thereof, whereby a standard curve is obtained. 
Other advantages of the present invention will be readily illustrated by referring to the following description. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a curve of the immunoreactivity of 6/50 monoclonal antibody towards different targets in ELI- 

SA. 

Fig. 2 shows a curve of the titration of 1/59 anti-idiotypic IgG against anti-OA 6Y50 idiotype in EUSA. 
so Fig. 3 shows a curve of the inhibition of anti-OA 6/50 IgG binding to okadaic acid by anti-OA anti-idiotypic 
1/59 IgG in EUSA. 

Fig. 4 shows a curve of the competition between anti-OA anti-idiotypic 1/59 IgG and free okadaic add for 
binding to anti-OA 6/50 antibody in ELISA. 

Fig. 5 shows a curve of the titration of 6/50 IgG in ELISA against okadaic acid. 
55 Fig. 6 shows a curve of the competition between solid-phase fixed okadaic add and free okadaic acid for 
binding to 6/50 IgG in ELISA. 

Fig. 7 shows a curve of the influence of methanol on 6/50 IgG binding to okadaic acid in a competition ELI- 
SA. 
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Fig. 8 shows a standard curve of the inhibition of anti-OA 6/50 IgG binding to F(ab') 2 fragment of anti-OA 
antMdiotypic 1/59 IgG by free OA in ELISA. 

Fig. 9 shows the cross-reactivity of mAb 6/50 with OA, DTX-1, DTX-3 and various other analogues of OA. 

A. Assay wells were coated with OA and incubated with a fixed concentration of 6/50 IgG and varying 
5 amounts of each toxin in 40% MEOH. 

B. & C. Assay wens were coated with purified antMdiotypic antibody (1/59) F(ab')2 fragments (5 u.g/ml) and 
Incubated with a fixed concentration of mAb 6/50 (1 00 ng/ml) and varying amounts of OA analogues In 40% 
MEOH. 

Fig. 10 compares the HPLC method with the claimed Idiatype-antMdiotype ELISA (Example V) for quarv 
io titatlon of OA In mussel samples. 

Fig. 11 shows the structure of okadaic acid and its derivatives. 

DETAILED DESCRIPTION OF THE INVENTION 

is Any animal injected with murine monoclonal antibody will develop antibodies against the immunoglobulin 
not only to Fc fragment but also to the antigen-binding site of the administered antibody. Such antibodies are 
called anti-idiotypic antibodies, while the immunizing antigenic detenminant located In or near the antigen-com- 
bining site of a given immunoglobulin molecule would be called idiotype. Some of the generated antMdiotypic 
antibodies would be directed against the antigen-binding site and others against framework sequences of the 

to variable region. Some of the antigen-binding antMdiotypic antibodies could mimic the original antigen, serving 
as an "internal image" of that antigen (ANN. IMMUNOL, Jerne N.K., 1974, 125C , pp.373-389). Those "internal 
image" antiidiotypes could then act as antigens and lead to the production of anti-anti-anti-entibody (Abj) dis- 
playing simflar or identical with Ab t antigen-binding characteristics. TTie generation and maintenance of such 
an idiotypic network is essential in immune system regulation. 

25 AntMdiotypic antibodies to hormone or hormone receptor antibodies have been shown to stimulate a phys- 
iological action of the ligand or exhibit receptor-like activities, such as binding the ligand or eliciting the pro- 
duction of anti-receptor antibodies when injected into animals. This has been found to be true for such Jigands 
as insulin, retinol-binding protein, alpnenolol, formylpeptide chemoattractant, thyroid-stimulating hormone 
(TSH), Bis Q, gp 70, acetylcholine, factor H, prolactin, substance P, and angiotensin II. Thus, for example, anti- 

$o idiotypic antibodies to antMnsulin antibodies were shown to interact with the membrane-bound insulin receptors 
and to mimic the action of insulin by stimulating the oxidation of glucose and its incorporation into lipids and 
by inhibiting lipolysis. AntMdiotypic antibodies against an antibody to alpranolol, a potent antagonist of the (J- 
adrenergic receptor, can stimulate adenylate cyclase. AntMdiotypic antibodies to rat anti-human TSH antibo- 
dies mimic the biological activity of thyrotropin, In that they Increase thyroid membrane adenylate cyclase ac- 

ss tivlty, increase the rate of Incorporation of «1| Into cultured thyrocytes, and organize these cells Into follicles. 

A monoclonal antibody to okadaic acid (6/50 IgG) was successfully selected, cloned and produced in ac- 
cordance with the present Invention. From a single animal Immunized with 6/50 anti-okadalc acid antibody It 
was possible to select, not only an antMdiotypic antibody to OA (AbJ, but also an antl-antWdlotypIc antibody 
to OA (Aba). The selected antMdiotypic antibody (1/59) reacted specifically only with F(ab') 2 fragments derived 

40 fromtheoVSOIgGanddidnotreactwitheitte^ 

IgG. To determine whether the 1/59 antMdiotypic antibody binds to 6/50 IgG at the paratope (antigen-binding 
site), a series of competition EUSA assays were developed that showed that 1/59 IgG was indeed an internal 
Image of okadaic acid that could mimic the physiological action of okadaic acid. 

Okadaic acid can be isolated efficiently only from sponges. Purification process of okadaic acid Is very te- 

45 dious and expensive. Due to restricted supply of sponges and difficult purification process, okadaic 8cid (OA) 
Is very expensive and not readily available. 

Testing for seafood safety has to be inexpensive and simple to be affordable to fishermen and government 
regulatory agencies. Otherwise, the cost of seafood products to a consumer would be too high to absorb the 
cost of testing. It has to be underlined that okadaic acid is a strong tumor promoter and is thus undesirable as 

so a contaminant of seafood. 

As described above, an idiotypic antibody 1/59 that mimics functionally and structurally okadaic acid has 
been developed In accordance with the present invention. The solid-phase bound OA i9 replaoed with solid- 
phase bound 1/59 and used in a competition ELISA assay for quantitation of okadaic acid. 

The preferred kit of the present invention comprises either one Immulon® 1 96-well microtiter plate or 8 

55 strips consisting of 1 2 wells/strip. These plates or strips wiO have bound to their surf aoe Ffeb'fe fragments de- 
rived from the antMdiotypic monoclonal antibody 1/59 (10 ug/rnl). Also supplied will be one bottle of lyophaized 
anti-okadaic acid mouse monoclonal antibody 6/50, one bottie of okadaic acid standard I (i.e. 9 ng/ml), one 
bottle of okadaic acid sta ndard II (i.e. 27 ng/ml), one bottle of okadaic acid standard III (i.e. 81 ng/ml), one bottle 
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of Tris-buffored saline, one bottle of Tween 20®, one package of powdered-milK one bottle of enzyme labelled 
anti-mouse IgG anti-serum, one bottle of 3 N H 2 S0 4 and enzyme substrate with instructions of preparation. 

At least 25 different enzymes have been employed as labels in enzyme immunoassay (Table 1). Enzymes 
have a number of advantages over other types of label: 

1 . They are relatively cheap, are readily available in a purified form, and have a long shelf life. 

2. A range of assays are available for measuring enzyme activity, and these can be performed on readily 
available equipment Many of these assays can also be automated. 

3. A single enzyme label can transform many molecules of substrate Into product. This amplification effect 
provides the basis of very sensitive assays for enzymes. 4. In cases where an enzyme label causes a toss 
of activity, Indirect detection method would be preferable. An example of such method would be using en- 
zyme labelled anti-sera. 
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ZA&LBLX 

Examples 

Oxidoreductases 

Malate dehydrogenase 
Glucose-6-phosphatase dehydrogenase 
Glucose oxidase 
Catalase 

Horseradish peroxidase 
Microperoxidase 
Firefly luciferase 
Bacterial luciferase 
Transferases 

Hexokinase 

6-Phosphof ructokinase 
Pyruvate kinase 
Phosphoglucomutase 
Ribonuclease A 
Hydrolases 

Acetylcholinesterase 

Alkaline phosphatase 

Phospholipase C 

a-Amylase 

Glucoamylase 

Lysozyme 

Glucosidase 

£-Galactosidase 

Invertase 

Urease 

Adenosine deaminase 

Lyases 

Carbonic anhydrase 
Isomerases 

5, 3-Ketosteroid isomerase 

The preferred enzyme used in the present invention is horseradish peroxidase. 

The solid phase competitive method of the present invention has at least one antibody solid-phase bound. 
The solid support of this solid-phase assay can be selected from any one of the following; a micro-b'tration plate, 
breakable strips (polyvinyl, polychloride, polystyrene, etc.), plastic beads, plastic tubes, latex particles, mag- 
netic particles, nitrocellulose or acetate membranes and dipstick. 

The expression "indirectly detected* refers to a second antibody, which recognizes a first antibody to be 
detected, wherein the second antibody is labelled and adapted to be used according to an assay of the present 
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invention. 

1. Production of anti-okadaic acid murine monoclonal antibody 6/50. 

5 1. Preparation of immunogen Conjugation of Okadaic acid (OA) to Bovine Serum Albumin (BSA) and chick- 
en-egg ovalbumin (OVAL) 

Okadaic acid Is coupled to protein carriers BSA and OVAL using 1-ethy1-3-(3-dlmethylamlnopropyl) car- 
bodiimide (EDC) and N-hydraxysulfosuccinimide (Sulfo-NHS®, available from Pierce Chemicals) according to 
10 the method of Richardson et al. In J. UROL, Richardson et al., 1985, 54(1), p.166, with slight modifications. 
Okadaic acid, OVAL or BSA, EDC and Sulfo-NHS® are dissolved in phosphate buffered saline (PBS, pH 7.4) 
at 4° C in a ratio of 1:3:1:1, respectively. The Sulfo-NHS® and EDC mediated reactions occur at physiological 
pH which insures the integrity of hapten-carrier conjugates. 

In this reaction, okadaic acid is converted into an activated ester which become very efficient in binding 
15 either BSA or OVAL To stop the reaction, the mixture is dialyzed three times against phosphate buffered saline 
(PBS, pH 7.4), aliquoted, and stored at 20° C. 

2. Immunization 



20 To produce monoclonal antibodies to okadaic acid, six to eight week old female Balbfc mice are given Initial 
subcutaneous (s.c.) inoculation of 2 ng of OA-BSA conjugate emulsified with an equal volume of complete 
Freund's adjuvant (Gibco Laboratories, Grand Island, NY). All subsequent injections are made in incomplete 
Freund's adjuvant (1 :1 ). At 4 weeks, they receive a second subcutaneous injection of 6 ng of OA-BSA, followed 
on the 7 th week by an identical third injection given intraperitoneally (i.p.). Two weeks later, mice with high 3era 

26 titers as tested in enzyme-linked immunosorbent assay (ELISA) are boosted intraperitoneally with 5 pg of OA- 
BSA in PBS three days prior to fusion. 

3i Fusion procedure 

so Myeloma line P3X63,Ag8.653 t known to be non-secretory, is obtained from the American Type Culture Col- 

lection (ATCC). Prior to growing these cells in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 
10% fetal bovine serum (FBS), 2 x 1(H M glutamine, 5 x 10~ 2 M 2-mercaptoethanol, and 0.001% gentamycin 
sulfate, they are grown for 1 week in the above medium containing 1 x 1 0r* S-azaquanine to prevent any for- 
mation of revertant cells. 

35 To ensure a high yield of hybrids, myeloma P3X63.Ag8.653 cells are kept In an exponential growth phase 
by replacing half the medium with fresh stock daily, for three days prior to fusion. Viable cells are enumerated 
by Trypan blue® dye exclusion on the day of the fusion, and the cells used only if the viability exceeds 85% 
of total. The fusion protocol used has been described by Kohler et al. (NATURE, 1975, 256, p. 495). 

A single cell suspension of spleen cells is obtained by placing the spleens on a stainless steel mesh (grid 

40 no. 100) and flushing 5 to 10 ml of sterile Iscove's Modified Dubelcco's Medium (IMDM), containing only glu- 
tamine and gentamicin sulfate (fusion medium) at the concentration discussed above, through the spleen using 
a 10 ml syringe connected to a 25G needle. The myeloma and spleen cells are washed twice infusion medium, 
enumerated, and mixed at a ratio of 1:5. The mixture is then centrifuged for 10 minutes at 1 100 resolutions per 
minute (RPM) and the cell pellet Is dislodged by gentle tapping of the tube. To the cell pellet, 1 ml of a 50% 

45 polyethylene glycol (PEG) Merck® 4000 solution containing 5% dimethyl sulfoxide (DMSO) at pH 7.4 is then 
added dropwlse over a period of 90 seconds while the tube is gently shaken. The mixture is agitated for another 
30 seconds at which time 2 ml of fusion media are added dropwise for 90 seconds. Finally, the PEG solution 
is diluted by the addition of 20 ml of IMDM supplemented as described above for DMEM plus 1 mM sodium 
pyruvate, 0.1 mM non-essential amino acids and the mixture centrifuged at 180 g for 5 minutes. The pellet is 

so resuspended in 10 ml of IMDM-10% FBS containing 1 x 10-* M hypoxanthine, 4 x 10-* M aminopterin, and 1.6 
x 10- 6 M thymidine or I WDM-HAT and the suspension placed in a 5% C0 2 incubator for 1 hour at 37° C. The 
cell concentration is then adjusted to 10* cells/ml and the cells distributed at 10* cells/well in 24-weII plates. 
This is followed 4 days later by the addition of 1 ml IMDM-HAT/well. 

Prior to screening, the medium is renewed three to four times in order to minimize false positives due to 

55 antibody secretion by short-lived activated B cells. This is achieved by removing one-half of the spent medium 
from each well and replacing it with an equal volume of fresh medium. 
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4. Selection of hybrids 

Supematanta are screened against OA-OVAL 14 to 21 days after the fusion when colonies are evident, 
by EL1SA using peroxidase-conjugated antibodies. Briefly, 96-well Immulon® 1 microtiter plates (Dynatech 

f Laboratories) are coated with 10 jig/ml of OA-OVAL in 0.05 M sodium carbonate bicarbonate buffer, pH 0.6, 
overnight at 4° C. The unbound OA-OVAL is washed off with Tris-buffered saline fTS)-Polyoxyethylenesorbitan 
(Tween®) and the remaining binding sites saturated with 1% powdered milk In TS for one hour at 37° C. After 
washing, the plates are incubated with the hybridoma supematants for one hour at 37° C. After the unbound 
antibody is washed off, either a peroxidase-conjugated goat anti-mouse IgG (H+L) ara peroxidase-conjugated 

10 goat anti-mouse Fc fragment (Jackson Laboratories) Is added and Incubated for an additional 1 hour at 37° C. 
The cotorimetric reaction is developed upon the addition of 0.03% in 0.1 M sodium citrate buffer, pH 7.0, 
containing 0.1 % o-phsnylened (amine dihydrochloride (OPD) (obtained from the Sigma Chemical Co. St-Louis, 
USA). The reaction is stopped with 3 N H2SO4 and the color intensity measured at a wavelength of 492 nm 
using a BtoRad® ELISA reader (Bio-Rad, Mississauga, Ontario). 

15 Hybridoma cultures that secrete anti-okadaic acid monoclonal antibodies are further expanded into 24-weII 
plates. When confluency is reached each clone is subdoned at concentrations of 1 and 0.5 cells/well by the 
limiting dilution method into 95-weII plates containing IMDM-1x10~<M hypoxanthine, 1.6x10-^ thymidine (HT) 
medium over e feeder layer of murine spleen cells. Only wells containing single colonies ere screened for spe- 
cific antibody secretion in EUSA and the n expanded gradually. Each done of interest is then subdoned at least 

20 twice to ensure donal stability. A done designated 6/50 has been selected for further characterization since it 
secretes antibody with high affinity for OA 

5. Large scale production of 6/50 monoclonal antibody 

25 Once an antibody secreting hybridoma has been successfully doned, large amounts of the antibody are 
obtained by growing the hybridoma as a transplantable ascites tumor in male Balb/c mice. The mice are primed 
by an intraperitoneal (i.p.) injection of 0.5 ml of 2,6,10 f 14-tetram6thyiperttadecane (Pristane®) (Sigma) two 
weeks prior to the injection of 5x10* cultured 6/50 hybridoma cells. An asdtes usually develops within 2 weeks 
at which time the animals are sacrificed and the ascitic fluid collected from the peritoneum. The ascitic fluid is 

30 stored at -20°C until further purification as described below. 

6. Isolation of immunoglobulin 

The 6/50 antibodies are purified from ascites by affinity chromatography on Proteln-A Sepharose® (Phar- 
35 mada). Briefly, the collected ascites Is first centrifuged at 3000 RPM for 1 5 minutes In order to remove any red 
blood cells as well as Pristane® that might be present. The supernatant is then further centrifuged at 2O.000 
RPM for 1 hour to remove unwanted debris. The supernatant Is then filtered through a 0.45 nm membrane and 
further dialyzed against protein A binding buffer (1.45 M glycine, 3 M NaCI, pH g,4) overnight at 4° C. A total 
of 120 mg of protein in 5 ml of binding buffer is loaded onto the column, washed and the IgG eluted with Bio- 
40 Rad® protein A elution buffer (pH 3.1) at 1 ml/min. 

The immunoglobulin containing fractions are pooled, neutralized with NaOH. dialyzed extensively against 
3 changes of PBS (0.14 M NaCI, 2.7 mM KCI, 1.5 mM KH 2 PO it 8.1 mM NasHPOJ, and concentrated by ultra- 
filtration on a PM30® membrane (Amicon). The immunoglobulin samples are then aliquoted and frozen at -20° 
C until used. 

45 

7. Determination of immunoglobulin subclass of 6/50 antibody 

The immunoglobulin isotype of 6/50 antibody is determined by double immunodiffusion in 1% agarose 
against monospecific, commercially available antimouse immunoglobulin class and subdass specific antisera. 
so 6/50 antibody has been found to be IgGi.K. 

8. Determination of isoelectric point 

The isoelectric point (pi) of 6/50 antibody is determined in Pharmacia's Phast Gel® system in which pre- 
ss cut homogeneous polyacn/iamide gels containing Pharmalyte® carrier ampholytes in the 3 to 9 pH range are 
used. The pi of 6/50 IgG has been found to be at pH 5.85. 
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9. Preparation of F(ab'hfragment3 of 6/50 IgG 

F(ab') 2 fragments are prepared by limited proteolysis of 6/50 IgG with pepsin (Worthington, Freehold, NJ). 
Due to the variation among individual monoclonal antibodies of each subclass with respect to digestion, such 

s parameters as optimal pH and incubation period are determined experimentally to obtain maximum yields. The 
course of digestion Is monitored on an hourly basis by 12.5% sodium dodecyi sulfate polyacrylamide gel elec- 
trophoresis (SDS-PAGE) under both mercaptoethanol reducing and non-reducing conditions. Retention of an- 
tibody activity Is evaluated In EUSA. Optimal conditions for preparation of F(ab')2 fragments have been found 
to be a 24 hour digestion at pH 3.9 using a pepsin- IgG ratio of 1:50 in 0.1 M sodium citrate buffer. 

to Undigested IgG, and Fc fragments are easily removed by passages through Protein A-Sepharose® col- 
umn. The purified 6/50-F(ab') 2 fragments still retain their activity towards okadaic acid in EUSA. 

10. Immunoreactivity of 8/50 IgG 

15 Immunologic specificity of 6/50 IgG has been determined in EUSA as described above. Microtitration wells 

are coated with either OA-OVAL, OVAL, BSA or domoic acid and incubated with 6/50 IgG as described above. 
The 6/50 antibody reacts only with OA (Fig. 1). 

The hybridoma producing the 6/50 antibody has been deposited at the American Type Culture Collection 
(ATCC. 12301 ParWawn Drive. Rockville. MD 20852 USA) on June 6, 1991 under deposit number ATCC HB 

20 10767. This deposit Is available to be public upon the grant of a patent to the assignee. Rougier Inc., disclosing 
same. The deposit is also available as required by Foreign Patent laws in countries wherein counterpart ap- 
plications are filed. 

11. Production of a mouse monoclonal anti-idiotypic antibody to a mouse anti-OA monoclonal anti- 
25 body 6/50. 

1. Preparation of Immunogen 

Conjugation of anti-okadaic acid monoclonal antibody (6/50) to tuberculin purified protein derivatives (PPD) 

30 

The anti-OA monoclonal antibody 6/50 is conjugated to PPD according to the method developed by Cam- 
bridge Research Biochemical Lid. (Cambridge, UK). Briefly, 5 uJ of commercial high-grade glutaraldehyde 
(Sigma Chemical Co.) is added to a glass vial containing 10 mg of PPD dissolved in 920 uJ of sodium hydrogen 
carbonate buffer (pH 8.4) and 2 mg of anti-OA monoclonal antibody 6/50 (mAb) prepared In 275 uJ of the same 
35 buffer. The contents are stirred for 12 to 1 8 hours at room temperature. The final PPD concentration Is 4 mg/ml. 
The conjugate is then dialyzed in the tubing provided, against two changes of 0.9% sodium chloride solution 
for 24 to 28 hours at 4° C. After dialysis, the conjugate Is allquoted and stored at -20° C until required for Im- 
munization. 

40 2. Immunization 

To produce anti-idiotypic monoclonal antibodies. Balb/c female mice are first inoculated s.c. with 25 ug ba- 
cillus Calmette-Guerin (BCG) vaccine three weeks prior to the first immunization with the antibody-PPD con- 
jugate. At week 3, 87 ug of the mAb-PPD conjugate in a 1:1 emulsion of incomplete Freund's adjuvant Is ad- 
4S ministered s.c. On the seventh week, animals are Inoculated s.c. with the same emulsion followed by another 
one on the tenth week given i.p. Finally, two weeks later, mice with high sera titers are boosted Lp. with 5 ug 
of antnokadaic acid mAb-PPD in aterile PBS three days prior to fusion. 

3. Fusion Procedure 

so 

Myeloma P3X63Ag8.653 cells are fused with spleen cells from immunized mice in the presence of 50y o 
PEG and 5% DMSO at pH 7.4 as described above for 6/50 IgG. 

4. Selection of hybrids secreting antibodies aginst anti-OA 6/50 IgG F(ab') 2 

55 

Hybridoma supematants are screened for antibody secretion in EUSA. Microtitration wells are coated with 
F(ab') 2 fragments of 6/50 IgG, and then incubated with culture supematants collected from growing hybrids. 
Bound antibodies are detected with peroxidase anti-mouse immunoglobulin (Ig) Fc fragment-specific conjugate 

9 
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as described above (paragraph I.4}. 

Immunization of mica with syngeneic monoclonal antibody to OA results In the production of several hy- 
brid o mas secreting anti-idiotypic antibodies (AbJ reactive with 6/50 IgG as well as anti-OA antibodies (AbJ 
induced through idiotypic cascade. One of Ab 2 secreting hybridomas designated 1/59 was selected for prop- 
5 agation in culture. To insure its monoclonality and stability, it was subcloned by limiting-dilution as described 
above for 6/50 IgG. 

5. Large-scale production of 1/59 monoclonal antibody 

to Large amounts of antibodies are obtained by growing 1/59 hybrWoma as a transplantable ascites tumors 
in male Balb/c mice. The mice are primed by an l.p. injection of 0.5 ml of Pristane® two weeks prior to the in- 
jection of 5 x 10 s cultured 1/59 hybridoma cells. An ascites usually develops within 2 weeks at which time the 
animals are sacrificed and the ascitic fluid collected from the peritoneum. 

15 6. Isolation of immunoglobulin 1/59 

1 /59 antibodies are purified from ascites by affinity chromatography on Protein-A Sepharose® (Pharmacia, 
Uppsala, Sweden). Briefly, the collected ascites is first centrifuged at 3000 RPM for 15 minutes in order to re- 
move any red blood cells as well as Pristane® that may be present The supernatant is then further centrifuged 

20 at 20,000 RPM for 1 hour to remove unwanted debris. The supernatant la then filtered through a 0.45 |xm mem- 
brane (Mi Hi pone, Bedford, MA) and further dialyzed against protein A binding buffer (1.45 M glycine, 3 M NaCI, 
pH 9.4) overnight at 4° C. A total of 120 mg of protein in 5 ml of binding buffer is loaded onto the column, washed 
and the IgG eluted with Bio-Rad® protein A elution buffer (pH 3.1) at 1 ml/min. The immunoglobulin containing 
fractions are pooled, neutralized with NaOH, dialyzed extensively against 3 changes of PBS, and concentrated 

25 by ultrafiltration on a PM30® membrane. The immunoglobulin samples are then aliquoted and frozen at -20° 
C until used. 

7. 1/59 Immunoglobulin subclass determination 

30 The immunoglobulin isotypeof 1/59 is determined by double immunodiffusion in 1% agarose against mono- 
specific, commercially available anti-mouse immunoglobulin class and subclass specific antisera. The 1/59 im- 
munoglobulin subclass has been found to be IgG, x. 

6. F(ab') 2 fragment Isolation from antl-okadalc acid antt-ldiotypic antibody 1/59 

ss 

Limited proteolysis of immunoglobulins with the enzyme pepsin is widely used for the preparation of F^ab^ 
fragments. 

The 1/59 IgG at a concentration of 1 mg/ml is digested with pepsin at a ratio of 1:50 for 24 hours at 37° C 
in 0.1 M sodium citrate buffer pH 3.9. The proteolysis is stopped by raising the pH to 8.0 with 1 M Tris-HCI (pH 
40 10.3). 

Undigested IgG and Fc fragments are easily removed by passages through a Protein A-Sepharuse® col- 
umn. The purified 1/59 F(ab') 2 fragments still retained their activity to 6/50 IgG in ELISA 

9. Immunoreactivity of 1/59 IgG 

45 

Immunospeclflclty of 1/59 IgG has been tested in EUSA. Micro titration wells are coated with F(ab')j frag- 
ments of either 6/50 IgG (idiotype) or F(ab') 2 fragments of pooled normal mouse IgG and incubated with 1/59 
IgG. Bound 1/59 antibody is detected with peroxidase conjugated anti-mouse IgG Fc fragment-specific as de- 
scribed previously. 

so The 1/59 anti-idiotypic antibody reacts only with f(ab% fragments of 6/50 IgG. 

The 1/59 IgG titration curve against F(ab') 2 fragments of 6/50 IgG is presented in Fig. 2. 
The hybridoma producing the 1/59 antibody has been deposited at the American Type Culture Collection 
(ATCC, 12301 Paridawn Drive, Rockville, MD 20852 USA) on June 6, 1991 under deposit number ATCC HB 
10768. This deposit is available to be public upon the grant of a patent to the assignee, Rougier Inc., disclosing 
55 same, The deposit is also available as required by Foreign Patent laws in countries wherein counterpart ap- 
plications are filed. 

The present invention will be more readily understood by referring to the fallowing examples which are given 
to illustrate the invention rather that to limit its scope. 
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EXAMPLE I 

Competition b«tw«en anti-idiotypic 1/59 IgG and OA for binding to 6/50 idiotype when A it fixed to 
a solid-phase and 6/50 measured In ELISA 

5 

Briefly, microtitration plates are coated with 10 pg/rrd of OA-OVAL and incubated simultaneously with in- 
creasing amounts of anti-idiotypic antibody 1/59 (0-10 pg/ml) and a fbced amount of 6/50 IgG (30 ng/m!) for 1 
hour at 37° C. Bound 6/50 IgG Is detected with peroxldase-antl-mouse IgG conjugate. 

When free 1/59 IgG is competing with solid-phase bound OA for a limited number of binding sites on anti- 
io OA 6/50 IgG, a marked decrease In bound 6/50 Is observed. Thus, results presented In Fig. 3 Indicate that 1/59 
anii-idiotype binds to the same binding site on 6/50 idiotype as does the nominal antigen, OA. 

EXAMPLE II 

is Competition between antl-ldlotypIc IgG 1/59 and free OA for binding to 6/50 IgG fixed to a solid-pha- 
se when anti-idiotypic antibody is measured in ELISA. 

In the reverse assay, 96-well microtiter plates are coated with 100 pi of 10 ug/mt of F(ab')a fragments of 
6/50 IgG In 0.05M sodium carbonate bicarbonate buffer. pH 9.6. overnight at 4* C. The unbound F(ab')2 frag- 

20 ments are washed off with Tris-buffered saline and the remaining binding sites are saturated with 200 pj of 1 % 
powdered-mflk in Tris-saline (TS-MILK) for one hour at 37° C. After washing, the wells are incubated simulta- 
neously with 50 pi of a fixed amount of anti-idiotypic IgG 1/59 (500 ng/rnl) and 50 pi of free OA diluted in 1 0% 
methanol (MeOH) at increasing concentrations (0-10 pg/ml) for one hour at 37° C. After the unbound antibody 
and antigen are washed off. 100 pi of a peroxidase conjugated goat anti-mouse IgG Fc-firagment-specrfic an- 

25 tiserum is added for one hour at 37° C. 

The colorimetric reaction is developed upon the addition of 0.03% H 2 0 2 in 0.1 M sodium citrate buffer, pH 
7.0, containing 0.1% OPD. The reaction is stopped with 3 N H 2 S0 4 and the color intensity measured at a wa- 
velength of 492 nm using a BioRad® ELISA reader. 

In this assay, free OA clearly inhibited the binding of anti-idiotypic 1/59 IgG to solid phase bound 6/50 IgG 

30 F(ab') 2 . The results presented in Fig. 4 reconfirm the previous finding that OA and anti-idiotype compete for 
the same binding sites on the variable region of tho 6/50 idiotype. Thus, we can conclude that 1/59 may rep- 
resent an internal image of OA and thus function as a surrogate of the antigen in a competitive ELISA. 

EXAMPLE 111 

55 , 

Inhibition of protein phosphatase PP1/PP2A catalytic activity by an Internal Imago antl-okadalc acid 
antl-ldlotypIc antibody. 

The biological activity of OA was assayed by the ability of this toxin to inhibit de phosphorylation of M P- 
40 radiolabelled glycogen phosphorylase a (E.C. 2.4.1.1) by protein phosphatases (E.C. 3.1 .3.16) in the standard 
phosphorylase phosphatase assay: 

Phosphorylase a (50 mM) is dialyzed extensively against NaF (1 5 mM) to block endogenous phosphatase 
activity. The protein is dfluted to 3 mg/ml (30 pmol/pl) in Tris HCI (50 mM, pH 7.0) containing ethylenediamine 
tetra-acetic acid (EOTA, 0.1 mM), bovine serum albumin (1 mg/ml), 2-mercaptoethanol (0.2% v/v) and caffeine 
45 (1 5mM). An Incubation comprising 1 0 pi protein phosphatase-1 or-2A (PP2A, 1 mU/ml in Tris HCI, pH 7.0) and 
10 pi phosphatase Inhibitor (in Tris HCI. pH 7.0) is carried out for 10 minutes at 30° C. An aliquot (10 pi) of 
phosphorylase a (30 pmol/pl. specific radioactivity >0.6 x 10* dpm/nmol) is added to start the reaction, which 
is terminated after 10 minutes by adding 200 pi trichloroacetic acid (20% w/vJCA). The suspension is vortexed, 
stood on ioe for 1 minute and centrifuged at 15 f 000g for 2 minutes. An aliquot (200 uJ) of supernatant is added 
so to 1 ml scintillant and counted. One miIGunit(mU) of protein phosphatase activity releases 1 nmol phosphate 
from phosphorylase a per minute. Thus, 10 pi of 8 1 mU/nrd solution of PP1/2A causes 33% dephosphorylafa'on 
of phosphorylase a in 10 minutes in the standard assay, which is linear to this level of dephoaphorytation. 
Homogeneous PP-1 and -2A catalytic subunits are purified from rabbit skeletal muscle. 
Radiolabelled phosphorylase a is prepared from phosphorylase b (Boehringer-Mannheim) by phosphory- 
55 lation with 3z P-y-ATP (Amersham) and phosphorylase kinase (Sigma). Prior to use, phosphorylase kinase and 
phosphorylase b preparations are routinely pre- incubated with 25 nM NaF to inhibit endogenous phosphatase 
activity. 

Using a standard commercial preparation of okadaic acid, tho ICs 0 for PP1 and PPM inhibition is 19 nM 



11 



) 

EP0 509 819 A1 

and 0.2 nM, respectively, in the standard phosphorylase a phosphatase assay. The ICso* correspond to okadaic 
acid detection limits of 432 pg (PP1 ) and 4.8 pg (PP2A) per pi when an unknown sample is added to the enzyme 
assay. 

Confirmatory identification of the toxin is obtained by inspection of relative PP1:PP2A inhibition ratios. Oka- 
5 daic acid inhibits PP2A 90(±l0)-fotd more strongly than PP1. 

When OA is replaced by a nti- idiotypic antibody! 1/59, it inhibits the phosphatase activity in a similar to OA 
way. The IC^ for PP1 and PP2A are 1.2 pM and 175 pM respectively. The antibody is similar to OA In that It 
Is more active against PP2A than PP1. However, the antibody Is less active than OA as an Inhibitor of PP2A 
and PP1 activities. This example confirms that anti- idiotypic antibody 1/59 behaves as OA In biological assay. 

to 

EXAMPLE IV 



Quantitation of okadaic acid in a competitive ELISA based on the competition between solid-phase 
fixed okadaic acid and free OA for binding to 6/50 antibody. 

15 

This assay is based on the competition between solid-phase attached OA and free OA (analyte) for binding 
to a limited number of binding sites on 6/50 IgG in solution. 

To establish the limiting concentration of 6/50 IgG. the antibody titration curve is drawn (Fig. 5) and 50% 
of maximum binding calculated. 

20 Thus, 96-well mlcrotiter plates are coated with 100 pi of OA-OVAL (10 pg/ml) In 0.05M sodium carbonate 
bicarbonate buffer. pH 9.6, overnight at 4 9 C. The unbound OA-OVAL la washed off with Tris-buffered saline 
and the remaining binding sites are saturated with 200 pi of TS-MILK for one hour at 37' C. After washing, the 
wells are incubated simultaneously with 50 pi of OA standards (0-30 ng/ml) diluted in 10% MeOHand applied 
in the presence of 50 pi of limiting amounts of 6/50 IgG for one hour at 37° C. After the unbound antibody and 

25 antigen are washed off, 100 pi of a peroxidase conjugated goat anti-mouse IgG antiserum diluted in TS-MILK 
is added and incubated for one hour at 37° C. 

The colorimetric reaction is developed. upon the addition of 0.03% H 2 0 2 in 0.1 M sodium citrate buffer, pH 
7.0, containing 0.1% OPD. The reaction is stopped with 3 N H 2 S0 4 and the cotor intensity measured at a wa- 
velength of 492 run using a BioRad ELISA reader. Under such conditions free OA competes with solid-phase 

30 fixed OA for binding to 6/50 in a dose-dependent manner, that is proportional to the amount of free OA present 
as illustrated in Fig. 6. 

A standard curve of known amounts of OA has been established (Fig. 6) allowing for the detection of OA 
in the picogram to nanogram range. The curve is linear within 1-10 ng/ml range. 

Since OA is only soluble In the presence of organic solvents, the Influence of varying concentrations of 
35 methanol on the antigen-antibody reaction has been Investigated. The results are presented In Fig. 7. It Is ob- 
vious that methanol has a deleterious effect on 6/50 IgG binding to OA since the sensitivity of OA detection in 
the presence of 40% MeOH drops considerably when compared with 10% MeOH content. The addition of 10% 
MeOH seems to be the optima! for this assay. Absence of MeOH decreases OA solubility and thus the slope 
of the standard curve. 

40 

EXAMPLE V 



Quantitation of OA In a competitive ELISA based on the competition between solid-phase fixed anti* 
Idiotypic antibody 1/59 and free OA for binding to antl-OA antibody 6/50. 

45 

"Idlotype-antl-ldlotype ELISA" 

Briefly, 96-weII microliter plates are coated with 100 pi of 1 0 pg/ml of F(ab')a fragments of 1/59 IgG in 0.05M 
sodium carbonate bicarbonate buffer, pH 9.6, overnight at 4° C, The unbound F(ab') 2 fragments are washed 

so off with Tris-buffered saline and the remaining binding sites are saturated with 200 pi of TS-MILK for one hour 
at 37° C. After washing, the wells are incubated simultaneously with 50 pi of a fixed amount of anti-OA 6/50 
IgG (30 ng/ml) and 50 pi of free OA diluted in 10% MeOH at increasing concentrations (0-100 ngfml) for one 
hour at 37° C. After the unbound antibody is washed off with TS-Tween® 1 00 pi of a peroxidase conjugated 
goat anti-mouse IgG Fc-fragment-specific antiserum diluted in TS-MILK is added and incubated for one hour 

55 at 37° C. 

The colorimetric reaction is developed upon the addition of 0.03% H 2 0 2 in 0.1 M sodium citrate buffer, pH 
7.0, containing 0.1% OPD. The reaction is stopped with 3 N H2S0 4 and the color intensity measured at a wa-. 
velength of 492 nm using a BioRad® ELISA reader. The obtained standard curve is presented in Fig. 8. 
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The assay is reliable, sensitive (5 ng/ml) and linear in the range of 9-81 ng OA/ml. It is simple, fast to perform 
and inexpensive, as 1/59 murine monoclonal antibody is available in unlimited quantities as hybridoma product. 
Clone is a good producer and antibody can be purified in a non-expensive way. 

The cross-reactivity of 6/50 antibody with other related toxins is demonstrated in Fig. 9. 
5 In Fig. 9A, the assay wells were coated with OA and incubated with a fixed concentration of 6/50 IgG and 

varying amounts of each toxin in 40% MEOH. Bound antibody was detected with HRP-conjugated antimouse 
IgG. Toxins used In this competitive ELISA were generously donated by Dr. Takeshi Yasumoto (Tohoku Uni- 
versity, Japan). 

For Fig. 9B and 9C, the assay wells were coated with purified anti-idiotypic (1/59) f{ab% (5ug/mt) and in- 
10 cubated with a fixed concentration of antibody 6/50 (100ng/ml) and varying amounts of okadaic add analogues 
in 40% MEOH. Bound 6/50 IgG was detected with HRP-conjugated anti-mouse IgG Fc fragment specific anti- 
sera. 

The 6/50 antibody seems to recognize the G-ring side of the okadaic acid molecule (Fig. 11) but not the 
carboxyl side since afl ester and hydroxy! derivatives of okadaic acid reacted as well as okadaic acid with 6/50 
13 antibody while methyl okadaic acid (DTX-1), tetra acetyl okadaic acid and DTX-3 bound to 6/50 antibody with 
significantly lower affinity. 

EXAMPLE VI 

20 Preparation of seafood for OA extraction and quantitation. 

Each gram of whole mussel is homogenized with 4 ml of aqueous 60% methanol for 2 minutes at room 
temperature using a kitchen blender. The homogenete is centrifuged at 3,000 RPM for 1 5 minutes. The super- 
natant is then stored at -20° C until needed. Testing of a mussel from Holland prepared in the above manner 
25 has revealed that both competitive assays of Examples IV and V yielded quite accurate results (Table 2). 

Table 2 

so Sample Assay IV Assay V 

OA-Id Id-anti-Id 

(ng/ml) (ng/ml) 

35 

Holland mussel 1,100 950 



Id = idiotype 

40 

The assay IV in which true okadaic acid has competed with the solid-phase bound OA for limited binding 
sites on the 6/50 IgG detected 1 ,100 ng OA/m! in the Holland sample. The assay V in which solid-phase bound 
OA was replaced with F(ab')2 derived from the 1/59 anti-idiotypic IgG has detected 950 ng OA/ml In the same 
sample. Furthermore, these results have been confirmed by PP1/PP2A inhibition assay. 
45 Okadaic acid extracted from the same Holland mussel was also analyzed by HPLC using the method of 
Lee et al (AGRIC. BIOL CHEM. f 1987, 51 677-881) and found to contain approximately 1,000 ng OA/ml. The 
sample was then diluted serially and tested in ELISA of Example V. Fig. 10 shows a good correlation between 
these two methods. 

so EXAMPLE VII 

Spiking of mussels with okadaic acid. 

Two mussels were spiked with okadaic acid. Sample I (9.1 g wet tissue) was injected with 70 mg of OA in 
55 methanol and Sample II (6.7 g wet tissue) with 27 mg of OA. Both samples were then extracted with 80% me- 
thanol as described in Example VI and assayed in the ELISA of Example V. Concentrations of OA in those 
samples were interpolated from the OA standard curve (Fig. 8). 
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TttblO 3 



Recovery of okadaic acid from spiked mussels 
by idiotype-anti-Idiotype ELISA Unsay of Example V) 



Okadaic acid 
added (pg/g) 


Okadaic acid found 


Average* 

(jig/g) 


± Standard 
deviation 

<ug/g> 


Coefficient 
of 

variation 


7.7 (Sample I) 


8.46 


0,8 


9 


4 (Sample II) 


4.04 


0.64 


IS 



*n = 10 



The results are presented in Table 3 and indicate that 110% of OA was recovered from spiked mussel I 
and 100% from mussel II using the Idiotype-antMdiotype ELISA assay of Example V. 

While the invention has been described in connection with specific embodiments thereof, it will be under- 
stood that it is capable of further modifications and this application is intended to cover any variations, uses, 
or adaptations of the invention following, in general, the principles of the invention and including such depar- 
tures from the present disclosure as come within known or customary practice within the art to which the in- 
vention pertains and as may be applied to the essential features hereinbefore set forth, and as follows in the 
scope of the appended claims. 

Claims 

1. An anti-idiotypic monoclonal antibody raised against a mouse monoclonal antibody specific to at least one 
diarrhetic shellfish poisoning toxin selected from the group consisting of okadaic acid and derivatives 
thereof, wherein said anti-idiotypic antibody Is not Immunoreactive with any non-antl-dlarrhetlc shellfish 
poisoning toxin antibody or fragments thereof, and wherein said anti-idiotypic antibody Is an Internal Image 
of said diarrhetic shellfish poisoning toxin. 

2. The anti-idiotypic antibody of Claim 1, wherein said antibody can structurally end functionally mimic oka- 
daic acid and derivatives thereof, whereby said antibody can act as a surrogate of okadaic acid and der- 
ivatives thereof. 

3. The anti-idiotypic antibody of Claim 1, being produced by the hybridoma ATCC HB 10768 

4. A competitive method for determining the amount of okadaic acid and derivatives thereof in a marine sam- 
ple, which comprises incubating at least a mouse monoclonal antibody or fragments thereof specific to at 
least one diarrhetic shellfish poisoning toxin selected from the group consisting of okadaic acid and der- 
ivatives thereof, the anti-idiotypic antibody of Claim 1 , and an unknown amount of okadaic acid and der- 
ivatives thereof present In a marine sample, wherein at least one of said antibodies Is solid-phase bound 
and wherein at least one of said antibodies Is either enzyme labelled or Indirectly detected, whereby the 
amount of okadaic acid and derivatives thereof in said sample is determined by comparing the extent to 
which said anti-idiotypic antibody is displaced by okadaic acid from binding to the said antl-dlarrhetic shell- 
fish poisoning toxin antibody with a calibration curve obtained with a known amount of okadaic acid or 
derivatives thereof. 

5. A kit for determining the amount of okadaic acid and derivatives thereof in a marine sample adapted to 
be used according to the method of Claim 4 comprising: 

I) a solid surface having bound thereto a mouse monoclonal antibody or fragments thereof specific to 
at least one diarrhetic shellfish poisoning toxin selected from the group consisting of okadaic acid and 
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derivatives thereof; 

II) a known amount of anti-id iotypic antibody or fragments thereof according to Claim 1 enzyme labelled 
or indirectly detected; and 

I I I) a known amount of okadaic acid or derivatives thereof, whereby a standard curve is obtained. 

A kit for determining the amount of okadaic acid and derivatives thereof in a marine sample adapted to 
be used according to the method of Claim 4 comprising: 

I) a solid surface having bound thereto the anti-idiotypic antibody of Claim 1 or fragments thereof; 

II) a mouse monoclonal antibody or fragments thereof specific to at least one diarrhetic shellfish poi- 
soning toxin selected from the group consisting of okadaic acid and derivatives thereof, which b enzyme 
labelled or indirectly detected; and 

III) a known amount of unlabeled anti-idiotypic antibody or fragments thereof according to Claim 1, 
whereby a standard curve is obtained. 

A kit for determining the amount of okadaic acid and derivatives thereof in a marine sample adapted to 
be used according to the method of Claim 4 comprising: 

I) a solid surface having bound there to a mouse monoclonal antibody or fragments thereof specific to 
at least one diarrhetic shellfish poisoning toxin selected from the group consisting of okadaic acid and 
derivatives thereof; " 

II) a known amount of anti-idiotypic antibody or fragments thereof according to Claim 1 enzyme labelled 
or indirectly detected; and 

III) a known amount of unlabelled anti-idiotypic antibody or fragments thereof according to Claim 1, 
whereby a standard curve is obtained. 

A kit for determining the amount of okadaic acid and derivatives thereof in a marine sample adapted to 
be used according to the method of Claim 4 comprising: 

I) 8 solid surface having bound thereto the anti-idiotypic antibody of Claim 1 or fragments thereto; 

II) a mouse monoclonal antibody or fragments thereof specific to at least one diarrhetic shellfish poi- 
soning toxin selected from the group consisting of okadaic acid and derivatives thereof, which is enzyme 
labelled or indirectly detected; and 

III) a known amount of okadaic acid or derivatives thereof, whereby a standard curve is obtained. 
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Rl R2 



H H OkadaicAcid (OA) 

H CH3 Dinophysistoxin-1 (DTX-1) 

Acyl CH3 Dinophysistoxin-3 (DTX-3) 
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